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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
(57) [Claim(s)] 

[Claim 1] (1) the film of the network of the mineral matter which has many minute free passage holes inside 
constituted from mineral matter which has a certain refractive index, and (2) — the mixture of the 
photopolymerization nature monomer or the oligomer shut up in said free passage hole, and a 
photopolymerization initiator - since - the film for optical recording whose polymer when it carries out the 
polymerization of said photopolymerization nature monomer or oligomer is a thing with the refractive index 
of the value from which the refractive index of said mineral matter differs. 

[Claim 2] For said polymer, the refractive index of said mineral matter is film for optical recording 
according to claim 1 which has a different refractive index 0.01 at least. [Claim 3] Said mixture is film for 
optical recording according to claim 1 or 2 which contains the solvent or plasticizer for said organometallic 
compound further. 

[Claim 4] Said mineral matter is the film for optical recording given in any 1 term of claims 1-3 which are 
the things containing at least one sort of oxide chosen from the group which consists of a silicon dioxide, a 
titanic-acid ghost, a zirconic acid ghost, and aluminum oxide. [Claim 5] (1) A photopolymerization nature 
monomer or oligomer, (2) photopolymerization initiator, (3) hydrolysis, and the organometallic compound 
in which a polycondensation is possible, It sets here including the catalyst for promoting hydrolysis of said 
organometallic compound. (4) - the solvent for said organometallic compound, (5) water, and (6) - said 
organometallic compound The constituent for optical recording film which has a different refractive index 
from the refractive index which a polymer when said photopolymerization nature monomer or oligomer 
carries out a polymerization has hydrolysis and when a polycondensation is carried out. 
[Claim 6] The aforementioned (1) - (6) component is (1) component. 10-80 % of the weight, (2) 
components 0.05 - 30 % of the weight, (3) components 5 - 90 % of the weight, (4) components 5 - 90 % of 
the weight, (5) components 5-90 % of the weight, and (6) components Constituent for optical recording 
according to claim 5 contained 0.05 to 30% of the weight. 

[Claim 7] For said organometallic compound, the refractive index which a polymer when a 
polycondensation is carried out and said photopolymerization nature monomer or oligomer carries out 
[ hydrolysis and ] a polymerization has is a constituent for optical recording according to claim 5 or 6 which 
has a different refractive index 0.01 at least. 

[Claim 8] The constituent for optical recording film according to claim 7 which contains the solvent or 
plasticizer for said photopolymerization nature monomer or oligomer other than the aforementioned (1) - (6) 
component further. 

[Claim 9] The manufacture approach of the film for optical recording which is made to evaporate a solvent 
(4) by desiccation and is used as a solid-state-like filmy body after applying said constituent for optical 
recording given in any 1 term of claims 5-8 on a base material and forming hydrolysis and the film which 
was made to carry out a polycondensation and was gelled for said organometallic compound. 
[Claim 10] The record approach of the light characterized by providing the 1 st process which exposes said 
film for optical recording given in any 1 term of claims 1-4 to the interference fringe obtained by the radiant 
ray which has a coherency. 

[Claim 1 1] The record approach of a light possessing the 2nd process which irradiates light at homogeneity 
at the film for optical recording, and heats the film for optical recording after that following said 1st process 
according to claim 10. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical recording approach using the constituent for 
optical recording especially the constituent for optical recording which can record suitably the volume phase 
mold hologram which records an interference fringe by the refractive-index modulation, the film for optical 
recording, and this film. 
[0002] 

[Description of the Prior Art] Conventionally, the hologram classified into the structure to the record 
principle to an amplitude mold, a phase mold (refractive-index modulation mold) and a surface type, a 
volume mold, the direction of the illumination light at the time of playback and the diffracted light to a 
transparency mold (in the case of an opposite direction), a reflective mold (in the case of this direction), etc. 
is known. Especially as for the diffraction efficiency from which the volume phase mold is most excellent, 
and is obtained in optical property sides, such as diffraction efficiency, in this, it is proved that a 
transparency mold and a reflective mold become 100% theoretically. Therefore, not only the display 
hologram on which a volume phase mold hologram records an image but the application as various optical 
elements, such as a grating using high diffraction efficiency, optical spectral separation, a substage 
condenser, and a laser-beam scanning component, is considered. Since especially the volume phase mold 
hologram of a reflective mold has strong interferential action, its wavelength selection nature is remarkable 
and it is reproducible by the white light, attention is greatly attracted with the brightness of the image. 
Furthermore, a part of application to a HUD or laser safety goggles for the aircraft, an automobile, and cars 
etc. is also put in practical use using the strong wavelength selection nature. 

[0003] As a hologram ingredient of a volume phase mold, the photosensitive material and dichromated 
gelatin (DCG) like silver salt have been used. From the sensibility of a silver salt ingredient being high, 
since optical properties, such as diffraction efficiency, were excellent, DCG had spread widely until now. 
[0004] Now, the so-called photopolymer attracts attention in recent years as silver salt and a volume phase 
mold hologram ingredient which replaces DCG. Generally a photopolymer is classified into an optical 
bridge formation mold photopolymer and a photopolymerization mold photopolymer. 

[0005] as the former example - JP,58-1 14029,A - said - the optical organic-functions mold polymer which 
has the functional group of an optical bridge formation mold is mentioned to intramoleculars, such as 58- 
21 1 181. In this polymer, optical bridge formation advances according to the optical intensity distribution of 
an interference fringe, and an interference fringe is recorded as bridge formation distribution. Therefore, by 
this method, in order to acquire high diffraction efficiency, a back process takes a development. 
[0006] moreover - as the latter example - JP,53-15152,A - said - 60-502125 and JP,2-3081,A - said - 
the combination of the so-called photopolymerization mold monomers, such as 2-3082 and 3-50588, and a 
binder polymer etc. is mentioned. In this case, the polymerization of a photopolymerization mold monomer 
advances alternatively according to the optical intensity distribution which the monomer of a 
photopolymerization mold contains and are formed of interference fringe exposure into a record ingredient, 
and an interference fringe is recorded according to presentation distribution. 

[0007] In addition, the diffraction efficiency of the volume phase mold hologram of a reflective mold is 
defined by the degree type by Kogelnik. 
Eta=tanh 2 (pinl T/lambda BcosthetaB) (1) 

For diffraction efficiency and nl, a refractive-index modulation and T are [ eta / the Bragg wavelength and 
thetaB of thickness lambdaB ] the Bragg angles here. (1) As shown in a formula, in order to enlarge 
diffraction efficiency, it turns out that it is required to thicken thickness or to enlarge a refractive-index 
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modulation. However, since a bandwidth and include-angle width of face will become narrow according to 
increase of interferential action if thickness is thickened, it is necessary to enlarge a refractive-index 
modulation in the application as which the extensive bandwidth or include-angle region of playback 
wavelength is required. Conversely, thickness can be made smaller, if it says and a refractive-index 
modulation can be enlarged. 
[0008] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned conventional constituent 
ingredient for volume phase mold hologram record had the trouble as shown below, respectively. 
[0009] That is, the shelf life of DCG from production of sensitization material to laser exposure is very bad, 
and needs to adjust it each time. And complicated wet processes, such as development and fixing, are 
required after interference exposure, and it also has the technical problem that it cannot be said that the 
hologram recorded further still has enough properties, such as lightfastness and a water resisting property. 
These technical problems have been serious failures to the application in respect of real production of DCG. 
[0010] Moreover, although the silver salt ingredient has engine performance sufficient as a hologram 
ingredient in respect of the sensibility, decline in that difficulty is in record of the interference fringe which 
has quantity resolution, i.e., the frequency between altitude, for silver corpuscular character, and 
transmission is a problem, and in order to make it a phase mold hologram, when a breeching is perform, it is 
say that a problem arises in lightfastness. And important and indispensable complicated wet processes, such 
as development and fixing, are required after interference exposure like DCG. 
[001 1] A photopolymer is being developed in recent years as what cancels the fault of the above 
conventional volume phase mold hologram ingredients. Generally the shelf life of a photopolymer at the 
time of non-laser exposure is good, and since it does not have corpuscular character, resolution is also 
essentially satisfactory. Moreover, it is said that lightfastness, a water resisting property, etc. can be 
improved by selection of various presentations, and the problem at the time of after [ record ] use is also 
being solved. 

[0012] As mentioned above, in order to make an optical bridge formation mold photopolymer into a phase 
mold hologram, a complicated wet process is usually needed like DCG or a silver salt ingredient after 
interference exposure. Moreover, when enlarging especially a refractive-index difference also in a 
photopolymerization mold photopolymer, a wet process may be performed after interference exposure. 
[0013] The polymerization of a photopolymerization mold monomer advances alternatively according to the 
optical intensity distribution which the so-called combination of a photopolymerization mold monomer and 
a binder polymer is proposed as a photopolymer which conquered the above conventional technical 
problems, a wet development, the lightfastness after record, a resistance to environment, etc., and the 
monomer of a photopolymerization mold contains in the record ingredient in this case, and are formed of 
interference fringe exposure, and an interference fringe is recorded according to presentation distribution. 
Especially, JP,3-50588,A etc. limits the fluorine content polymer of a low refractive index rather than before 
as a binder to the monomer of a high refractive index being conscious of acquiring high diffraction 
efficiency in a reflective mold phase hologram. 

[0014] However, in the volume phase hologram, it is not concerned with a transparency mold and a 
reflective mold, but in order to desire not only the ease of carrying out of hologram records with last thing, 
such as the viewpoint of the application application expansion to wet process needlessness, but high thermal 
resistance and a resistance to environment and for a high optical property to realize it, development of 
radically different new hologram writing materials from the former is expected recently. 
[001 5] This invention conquers the technical problem of the above-mentioned conventional technique, 
shows an optical property, high sensitivity, etc. which were [ permeability / high diffraction efficiency, high 
resolution, / high ] excellent, and offers the constituent for optical recording which can produce the volume 
phase mold hologram which has the resistance to environment excellent in coincidence, and endurance, 
especially the volume phase mold hologram of the reflective mold with which the application attracts 
attention in recent years in an easy process, and its record approach. 
[0016] 

[Means for Solving the Problem] the organometallic compound in which the (1) photopolymerization nature 
monomer or oligomer, (2) photopolymerization initiator, (3) hydrolysis, and polycondensation of this 
invention are possible, the solvent for said organometallic compound and (4) (5) water, and (6) - it is a 
constituent for optical recording including the catalyst for promoting hydrolysis of said organometallic 
compound. 

[0017] As a photopolymerization nature monomer in this invention, the monomer containing at least one 
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radical in which polymerizations, such as an acryloyl radical, a methacryloyl radical, a vinyl group, and an 
allyl group, are possible can use it for intramolecular suitably. As the example, TETORO hydronalium 
furfuryl acrylate, ethyl carbitol acrylate, Dicyclopentenyl oxy-ethyl acrylate, phenyl carbitol acrylate, 
Nonylphenoxyethyl acrylate, 2-hydroxy-3-phenoxypropylacrylate, omega-hydroxy hexanoyloxy ethyl 
acrylate, acryloyloxyethyl succinate, Acryloyl OKIE chill succinate, acryloyloxyethyl phthalate, Phenyl 
acrylate, naphthyl acrylate, TORIBUROMO phenyl acrylate, Phenoxy ethyl acrylate, TORIBUROMO 
phenoxy ethyl acrylate, A benzyl acrylate, p-BUROMO benzyl acrylate, 2, and 2-bis(4-meta-chestnut 
ROKISHI ethoxy -3, 5-dibromo phenyl) propane, Isobornyl acrylate, 2-ethylhexyl acrylate, laurylacrylate, 
The methacrylate corresponding to these monofunctional nature acrylate to monofunctional nature acrylate 
lists, such as 2, 2, 3, and 3-tetrafluoropropylacrylate; 1 ,6-hexanediol diacrylate, Butanediol diacrylate, EO 
conversion tetrabromobisphenol A diacrylate, A pentaerythritol thoria chestnut rate, trimethylolpropane 
triacrylate, The methacrylate corresponding to these polyfunctional acrylate to polyfunctional acrylate lists, 
such as bisphenol A diacrylate; Styrene, p-chloro styrene, a divinylbenzene, vinyl acetate, acrylonitrile, 
Vinyl compound; and diethylene-glycol bisallyl carbonate, such as N-vinyl pyrrolidone, vinyl naphthalene, 
and N-vinylcarbazole, Allyl compounds, such as triallyl isocyanurate, JIARIRI DIN pentaerythritol, diallyl 
phthalate, and diallyl isophthalate, etc. are mentioned (mixture is included). 

[0018] Although the methacrylate corresponding to polyfunctional oligo acrylate and these acrylate, such as 
urethane acrylate oligomer, epoxy acrylate oligomer, ester acrylate oligomer, polyol polyacrylate, 
denaturation polyol polyacrylate, and polyacrylate of an isocyanuric acid frame, is mentioned besides the 
oligomer of the above-mentioned photopolymerization nature monomer as an example of the 
photopolymerization nature oligomer used by this invention (mixture is included), it is not limited to this. 
[0019] What is generated by the addition reaction of the poly isocyanate, 2-hydroxyalkyl (meta) acrylate, 
and polyol as polyurethane acrylate oligomer is illustrated. Here, as poly isocyanate, toluene diisocyanate, 
isophorone diisocyanate, trimethyl hexamethylene di-isocyanate, hexamethylene di-isocyanate, etc. are 
mentioned. Moreover, as polyol, polyether polyols, such as a polyethylene glycol, a polypropylene glycol, 
and a polytetramethylene glycol, polyester polyol, polycarbonate polyol, polysiloxane polyol, etc. are 
mentioned. 

[0020] As an organometallic compound in which the hydrolysis and the polycondensation which are used by 
this invention are possible, the thing containing at least one sort in an organic silicon compound, an organic 
titanium compound, an organic zirconium compound, and an organoaluminium compound is desirable, and 
the metal alkoxide which has especially an alkoxyl group is desirable. Specifically, methoxides, such as 
silicon, titanium, a zirconium, and aluminum, ethoxide, propoxide, butoxide, etc. are used by the simple 
substance or the mixture. Organoaluminium compounds, such as organic zirconium compound; aluminum 
ethoxide, such as organic titanium compound; zirconium methoxides, such as organic silicon compound; 
titanium isopropoxide, such as a tetra-ethoxy silane, a tetramethoxy silane, and tetra-butoxysilane, and 
titanium butoxide, and zirconium butoxide, and aluminum butoxide, etc. are mentioned as the example. 
Moreover, you may embellish with the compound which has the functional group in which other organic 
monomers and a polymerization are possible like the compound which has the organic section in side 
chains, such as dimethylsiloxane, an amino silane, and poly dimethylsiloxane of a silanol end, or 
vinylsilane, an acrylic silane, and an epoxy silane organically. 

[0021] In addition, metal inorganic compounds, such as carboxylate, such as metal acetylacetonate, acetate, 
and an oxalate, and a nitrate, a chloride, and an oxysalt ghost, may be used besides the above-mentioned 
metal alkoxide. 

[0022] An inorganic network is formed from a sol and the above-mentioned organometallic compound 
serves as gel as it hydrolyzes in a solution and a polycondensation progresses. If heating-at-high- 
temperature processing of this gel is carried out, a metallic-oxide solid-state can be created. 
[0023] Moreover, the catalyst for promoting a solvent, water, and said hydrolysis for the organometallic 
compound in which the hydrolysis and the polycondensation which are used by this invention are possible, 
hydrolysis and in order to carry out a polycondensation is required. As a solvent which should dissolve this 
organic metal compound, alcohols, such as a methanol, ethanol, propanol, and a butanol, are the most 
desirable. Moreover, as the above-mentioned catalyst, bases, such as acids, such as a hydrochloric acid, an 
acetic acid, a sulfuric acid, and a nitric acid, and ammonia, are used. 

[0024] The above-mentioned organometallic compound's differing from hydrolysis and the refractive index 
obtained by carrying out a condensation reaction and the difference of this refractive index have so desirable 
that it is large the refractive index of a polymer when it carries out the polymerization of an above- 
mentioned photopolymerization nature monomer or oligomer. It is required for both difference to be at least 
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0.01 preferably, and it is necessary to choose the combination of a photopolymerization nature monomer or 
oligomer, and an organometallic compound so that the difference of such a refractive index may arise. The 
difference of this refractive index is big, for example, if 0.03 or more combination is chosen, a big 
refractive-index modulation important for a volume phase mold hologram can be obtained. If it follows, for 
example, the inorganic network is formed from Si02 of a low refractive index, the monomer of a high 
refractive index will be used as a photopolymerization nature monomer. It is important to, use the monomer 
of a low refractive index relatively as a photopolymerization nature monomer on the other hand, if formed 
from Ti02 of a high refractive index. As a concrete example of the desirable above-mentioned combination, 

2- hydroxy-3-phenoxypropylacrylate (the refractive index of the polymer when carrying out a 
polymerization = 1.555), a tetra-ethoxy silane (hydrolysis, the refractive index obtained by carrying out a 
condensation reaction and finally carrying out densification = 1 .46) and trimethylolpropane triacrylate 
(refractive index = 1 .519), titanium propoxide (refractive index = 2.40), etc. are mentioned. 

[0025] In order to carry out the polymerization of an above-mentioned photopolymerization nature 
monomer or oligomer efficiently, it is necessary to add a photopolymerization initiator to this. The 
compound shown below as a photopolymerization initiator of this invention is mentioned. For example, 2, 

3- bornane dione (camphor quinone) 2, 2, 5, and 5, - tetramethyl tetrahydro - Annular cis-alpha-dicarbonyl 
compounds, such as 3 and 4-furan acid (imidazoletrione), Benzophenones, such as 3, 3\ 4, and a 4'-tetrapod- 
(tert-butyl peroxide carbonyl) benzophenone, Diacetyl, benzyl, a MIHIRAZU ketone, a diethoxy 
acetophenone, Ketones, such as 2-hydroxy 2-methylpropiohenone and 1 -hydroxy cyclohexyl phenyl ketone 
Peroxides, such as benzoyl peroxide and di-t-butyl peroxide, Aromatic carboxylic acid, such as azo 
compounds, such as allyl compound diazonium salt, and N-phenylglycine, Xanthenes, such as 2-chloro 
thioxan ton, 2, and 4-diethyl thioxan ton Diaryl iodonium salt, triaryl sulfonium salt, triphenyl alkyl way 
acid chloride, An iron allene complex, bis-imidazole derivatives, the Pori halogenated compound, phenyl iso 
oxazolone, benzoin ethyl ether, benzyl dimethyl ketal, etc. are mentioned (mixture is included). 
Furthermore, amines, thiols, p-toluenesulfonic acid, etc. are mentioned as an assistant. 

[0026] The constituent for optical recording of this invention expresses with a principal component. The 
sum total of a photopolymerization nature monomer or oligomer 10 - 80 % of the weight, a 
photopolymerization initiator 0.05 - 30 % of the weight, said organometallic compound The solvent for 5 - 
90 % of the weight, and said organometallic compound 5-90 % of the weight, water 5-90 % of the weight, 
and said catalyst It is desirable to contain 0.05 - 30 % of the weight. The above-mentioned 
photopolymerization nature monomer or diffraction efficiency with the sum total of oligomer expensive at 
less than 10 % of the weight or 80 % of the weight or more becomes is hard to be acquired. If the above- 
mentioned organometallic compound exceeds less than 5 % of the weight or 90 % of the weight similarly, 
high diffraction efficiency will not be acquired. 

[0027] A photosensitizer can be contained and it can make 0.01 - 10 % of the weight contain [ constituent / 
this ] a plasticizer 0.01 to 10% of the weight if needed, respectively. 

[0028] The photopolymerization nature monomer or oligomer to be used is a solid-state, or to have high 
viscosity, the solvent for dissolving it is required. However, since isopropyl alcohol is also the solvent of 2- 
hydroxy-3-phenoxy hexyl acrylate (solid photopolymerization nature monomer) while being the solvent of a 
tetra-ethoxy silane (organometallic compound in which hydrolysis and a polycondensation are possible) 
when dissolving in the solvent for the organometallic compound which a photopolymerization nature 
monomer or oligomer described previously for example, as for the isopropyl alcohol which is a solvent for 
said organometallic compound, the solvent for a photopolymerization nature monomer or oligomer can be 
made to serve a double purpose. 

[0029] Moreover, organic qualification of the inorganic network is carried out by dimethylsiloxane, the 
amino silane and the poly dimethylsiloxane of a silanol end, gamma-methacryloxypropyl triethoxysilane, 
and gamma-guru SHIJIROKISHI propyl triethoxysilane as the organometallic compound in which 
hydrolysis and a condensation reaction are possible, for example, a silicon system compound, and it does 
not matter as organic inorganic complex. That is, the brittleness which introduces an organic radical for 
dimethylsiloxane and poly dimethylsiloxane all over a siloxane inorganic network combining the above- 
mentioned hydrolysis and the organometallic compound in which a polycondensation is possible, for 
example, a tetra-ethoxy silane, among the above-mentioned compounds, and is made to give flexibility, and 
the optical recording film has can also be softened. 

[0030] A plasticizer can be added to the constituent for optical recording of this invention. A plasticizer is 
for giving plasticity to the photopolymerization mold monomer in the constituent for optical recording (or 
oligomer), and can mention triethylene glycol dicaprylate, triethylene glycol diacetate, triethylene glycol 
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dipropionate, a glyceryl TORIBUCHI rate, tetraethylene glycol JIHEPUTANOETO, a diethyl reed peat, 
diethyl sebacate, tributyl phosphate, etc. as an example of a plasticizer. 

[0031] Furthermore, a sensitizer like coloring matter can be added to the constituent for optical recording of 
this invention. Although the compound shown below as coloring matter used is mentioned, it is not limited 
to this. For example, it is the compound which has extinction in light (mixture is included) regions, such as a 
methylene blue, an acridine orange, thioflavine, a keto coumarin, Erythrosine C, eosine Y, merocyanine, a 
phthalocyanine, and a porphyrin. 

[0032] Moreover, it is very useful when adding the additive of a leveling agent and others in addition to the 
above-mentioned component also actually provides as a film for optical recording to the constituent for 
optical recording of this invention. 
[0033] Next, the principle of this invention is described. 

[0034] The photopolymerization nature monomer or oligomer which contained additives, such as a 
photosensitizer and a plasticizer, in the constant-rate **** organometallic compound solution a 
photopolymerization initiator and if needed is added, the acid or base which is a solvent, water, and a 
catalyst is stirred, and it mixes. Coating of the solution mixed by homogeneity is carried out by various 
approaches on a substrate, and a filmy body is obtained. Although it is the filmy body which consists of a 
viscous liquid in this phase, hydrolysis of an organometallic compound and a polycondensation advance, an 
inorganic network is formed, and it changes from a sol to gel as time amount passes after coating. 
Furthermore, by advancing a forced drying or an air drying, volatile components contained all over the 
inorganic network, such as a solvent and water, evaporate, and solid-state-like the film for optical recording 
(filmy body) is obtained as a result. In this process, although the pore (opening) which was mutually open 
for free passage is formed in an inorganic network, since liquid-like a photopolymerization nature monomer 
or oligomer exists in coincidence in this invention, pore is filled one by one by these and contraction of the 
big network which is usually generated in a sol gel process for this reason is not generated substantially. A 
photopolymerization nature monomer or oligomer will be distributed all over the inorganic network 
currently finally formed over the whole filmy body. Although the specific surface area of the film to which a 
uniform light was irradiated, was photopolymerized on the film of this condition, and the polymerization of 
a monomer or the oligomer was carried out was measured with the BET adsorption method, specific surface 
area was zero substantially. In addition, although close [ of a photopolymerization nature monomer or an 
oligomer monomer ] made the film similarly using the constituent which is not and measured this as an 
example of a comparison, since it was 420m2/g in this case, it is shown that most pores formed during the 
sol gel reaction substantially [ the inorganic network made by this invention ] are altogether filled with a 
photopolymerization nature monomer or oligomer. 

[0035] Moreover, in this invention, if it sets up so that the field of the organic part which fills the above- 
mentioned pore may not become larger than wavelength order, even if both refractive indexes differ, there 
will be little dispersion and it will serve as transparence substantially. 

[0036] Although a photopolymerization nature monomer or oligomer is held all over the inorganic network 
formed in the whole film in the manufactured original film for optical recording at homogeneity, in order to 
perform optical recording, a polymerization is alternatively started by the optical intensity distribution inside 
the film for optical recording by exposure of the interference fringe formed of two-beam-interference 
exposure of laser etc. That is, since a polymerization starts, it swerves and takes in a part with strong optical 
reinforcement and a monomer is consumed, a monomer is supplied to a part with strong optical 
reinforcement from a part with the optical weak reinforcement which adjoined, and a polymerization is 
promoted further. In this case, a part of inorganic network where optical reinforcement existed in the strong 
part from the first It extrudes with the polymer to which the volume became large by the monomer to which 
optical reinforcement was supplied from the weak part. The polymer rich field as for which optical 
reinforcement will move or shift to a weak adjacent part, and the photopolymerization nature monomer (or 
oligomer) whose optical reinforcement is finally a strong part carried out the polymerization, It is relatively 
classified into an inorganic network rich field, and it is thought [ whose it is a part with optical weak 
reinforcement conversely ] that a big presentation difference arises between both the field. As the difference 
of the refractive index Np of a polymer and the refractive index Nm (refractive index which the mineral 
matter which hydrolyzed and carried out the polycondensation and was able to do said organometallic 
compound has) of an inorganic network in which the photopolymerization nature monomer (or oligomer) 
carried out the polymerization at this time is large, it becomes more possible to balance a presentation 
difference and to give a big refractive-index difference. 

[0037] The record ingredient for light in this invention has the advantage which is expressed below 
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compared with the photopolymerization mold photopolymer type thing using the thermoplastic polymer 
binder of the conventional solvent fusibility. 

[0038] In the first place, increase of a refractive-index modulation is mentioned. In the case of an organic 
binder, a limitation is in the refractive index of a polymer, and 1 .6 sets are considered to actually consider 
the upper service condition also with whether it is a limitation. On the other hand, since very high refractive 
indexes, such as 2.2-2.4, are also obtained when densification is carried out using a titania, a zirconia, etc. in 
the case of an inorganic network, the material for optical recording which has a still bigger refractive-index 
difference is also obtained. Of course, the silica of a refractive index 1.46 and the combination of a high 
refractive-index monomer are conversely sufficient. 

[0039] Since the film for optical recording or optical recording film of this invention finally obtained has 
changed to the second from very micro organic inorganic complex structure, as compared with the 
conventional article polymer type [ all ], high thermal resistance, a resistance to environment, a mechanical 
property, etc. are acquired. Moreover, when an inorganic network is a silica, an adhesive property with a 
glass substrate improves by silanol association. 

[0040] Since the interference fringe which has detailed spacing is recorded in case optical recording is 
actually carried out, it is necessary to take care that the whole exposure optical system is carried on a 
vibrationproofing base, and careful cautions are carried out to vibration, fluctuation of air, etc., and the film 
for optical recording itself does not move in process of interference fringe record. 

[0041] After it applies said constituent liquefied object for optical recording on a base material as mentioned 
above and an organometallic compound gels hydrolysis and by carrying out a condensation reaction in this 
invention, a solvent etc. is made to evaporate by desiccation and it considers as a solid-state-like filmy body. 
Since the inorganic network is maintaining the shape of a solid-state at this time, there is no possibility that 
it may be displaced relatively to a base material in process of interference fringe record. Moreover, since it 
is a solid-state-like, the thickness which has serious effect for the optical property of record light can be 
specified correctly, and the upper handling nature also actually improves. 

[0042] In this invention, by using an inorganic network, the curing shrinkage at the time of interference 
fringe record of an optical ingredient can be reduced as much as possible, and the effectiveness that an 
interference fringe is faithfully recordable is done so. That is, fundamentally, since the constituent for 
optical recording of this invention belongs to the ingredient of a photopolymerization mold, it is surely 
accompanied by curing shrinkage'before and after interference fringe record. If this curing shrinkage is 
large, it is difficult to record an interference fringe faithfully too, and since the serious bad influence for the 
optical property of light especially diffraction efficiency, playback wavelength, etc. is done, it is necessary 
to make the rate of curing shrinkage small as much as possible. Since record of a very fine interference 
fringe is especially required in the volume phase mold optical recording of a reflective mold as compared 
with record of a transparency mold, contraction of the record ingredient under exposure etc. must be avoided 
as much as possible. If the refractive-index difference made by the alternative polymerization of the above- 
mentioned photopolymerization nature monomer (or oligomer) is not faithfully recorded to the fine 
interference fringe, either, half- value width of diffraction efficiency and playback wavelength etc. cannot be 
obtained near the theoretical value by the phase mold hologram, especially the reflective mold hologram. 
[0043] In this invention, by using the inorganic network obtained from the organometallic compound 
solution using the sol gel process, the curing shrinkage at the time of interference fringe record of a 
hologram ingredient can be reduced as much as possible like the photopolymer for hologram record using a 
binder, and an interference fringe can be recorded faithfully. Therefore, it became possible to obtain mostly 
the half- value width of the important optical property of a hologram, diffraction efficiency, and playback 
wavelength etc. as a theoretical value. This effectiveness brings about remarkable effectiveness especially in 
the reflective mold hologram of which very fine interference fringe record is required. 
[0044] It is desirable that a solvent remains to some extent in hologram record film. If a solvent disappears 
completely, the diffraction efficiency of the optical recording film obtained by carrying out laser exposure 
will become quite low. It is thought that this reason is because the viscosity of the monomer by which 
supply migration of the optical reinforcement should be carried out from a weak part to a strong part 
becomes high and it becomes inadequate that supplying the optical reinforcement which the polymerization 
was alternatively started by the optical intensity distribution inside the film for optical recording, and 
adjoined. Therefore, existence of a certain amount of [ such phase separation ] solvent to a request 
********** S ake i s required. However, if the plasticizer of a high-boiling point is beforehand added in the 
constituent for optical recording, the effectiveness like lubricant is shown to phase separation like a solvent, 
and even if it performs reduced pressure drying to which a solvent disappears nearly completely, since a 
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plasticizer remains, the optical recording film which has high diffraction efficiency is obtained. 
[0045] Next, how to record light using the constituent for optical recording of this invention is explained. In 
order to prepare material for optical recording, photopolymerization nature oligomer, a monomer, a 
photopolymerization initiator, and a photosensitizer are dissolved into the acid used as a sol gel start 
solution, i.e., water, a solvent, and a catalyst, and the organometallic compound solution containing a base, 
but if required, the solvent (such mixture is included) of a methanol, ethanol, isopropanol, toluene, dioxane, 
chloroform, dichloromethane, a methylene chloride, a tetrahydrofuran, and others will be used, for example. 
The amount of these solvents used is usually the 10 - 1000 weight section to the principal component 100 
weight section (except for a solvent) of the constituent for optical recording. 

[0046] Then, after adding the constituent for optical recording of other this inventions by the above 
presentation ratios, coating is performed for this liquefied object using the various methods of application on 
smooth front faces, such as a glass plate and a resin film. As the coating approach, various approaches, such 
as an approach which used the doctor blade and the applicator in addition to the spin coat, the DIP coat, the 
flow coat (curtain coat), etc., are applicable. 

[0047] The evaporation [ solvent / which was used when required and dissolving further a condition, the 
solvent contained in the sol gel start solution, photopolymerization nature oligomer, or a monomer under a 
reduced pressure condition ] out of the paint film of the above-mentioned sensitive material then, a room 
temperature or warming — Removal obtains solid-state-like the film for optical recording with which 
photopolymerization nature oligomer, the monomer, the photopolymerization initiator, the photosensitizer, 
etc. were incorporated all over the inorganic network formed by the sol gel process in the condition of 
having been covered on the smooth front face. The thickness after desiccation of the film film for optical 
recording is usually 1-50 micrometers. Then, a transparent resin film or a transparent glass plate is covered 
on the front face of the obtained film for optical recording using a suitable approach to the radiant ray which 
has the coherency exposed at degree process. This is for preventing adhesion of dust, a foreign matter, etc., 
in order that this constituent may prevent the polymerization inhibitory action by oxygen, since a 
polymerization advances by the radical polymerization. 

[0048] Next, the interference fringe obtained by the radiant ray which has a coherency is made to expose the 
film for optical recording with which the above was covered. The well-known approach that generally the 
laser light source is used for this process (the 1st process) as the coherent light source is used. As the 
approach of interference exposure, it can carry out using the conventional optical exposure optical system. 
Usually, this approach is called the two-beam-interference exposing method. The laser beam oscillated from 
a laser oscillation machine is divided into two parallel light or the diffused light using a beam splitter, a 
beam expander, a collimator lens, etc. And incidence is carried out to material for optical recording by 
making the flux of light of one of these into a reference beam. The flux of light of another side is irradiated 
by the body when recording for example, a body image, and incidence is carried out to material for optical 
recording by making the reflected light from there into body light. At this time, a reference beam and body 
light form an interference fringe, and that interference fringe is recorded on a hologram record ingredient. In 
addition, when it has arranged so that both flux of lights may be irradiated from the same direction, a 
transparency mold hologram is recorded, and when it has arranged so that it may irradiate from an opposite 
direction, a reflective mold hologram is recorded. Although the irradiation time of the radiant ray which has 
a coherency for making an interference fringe expose changes with the reinforcement of the radiant ray, 
record area, and others, it is usually 0.1 seconds - 30 minutes, and it is exposed so that total light exposure 
may become 0.1 - 1000mJ/cm2. 

[0049] In this invention, a hologram is recordable only at the 1 st process which exposes the above- 
mentioned constituent for hologram record to the interference fringe obtained by the radiant ray which has a 
coherency. However, the polymerization of the photopolymerization nature oligomer of the non- 
polymerization which remains in this record ingredient for light at the 1st process of the above, next the 1st 
process, and a monomer is completed, and it is desirable to pass through the 2nd process which deactivates 
photosensitizers, such as an unreacted photopolymerization initiator and coloring matter. 
[0050] This process can be performed by performing the uniform optical exposure which contains a 
polymerization or the wavelength which can react to the constituent for optical recording after interference 
exposure. Since especially in the case of a reflective mold hologram the diffraction efficiency of a record 
hologram increases so that clearly from the theoretical formula of the aforementioned (1) formula, since the 
polymerization of the non-polymerization oligomer in an optical ingredient and a monomer is promoted by 
this homogeneity light exposure and a refractive-index difference increases as compared with the case of 
only the 1 st process by it, it is desirable. Furthermore, according to the 2nd process, a photopolymerization 
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initiator and a photosensitizer can also be made inactive and, thereby, the endurance of a recording film, i.e., 
thermal resistance, moisture resistance, etc. improve. The optical exposure of this 2nd process is performed 
so that total light exposure may usually become about ten to 10000 mJ/cm2. 

[0051] moreover, the above instead of the optical exposure with the above uniform as the 2nd process — 
subsequently heat-treatment more than 60-degreeC may be carried out to a uniform optical exposure to the 
constituent film for optical recording after interference exposure. Since phase separation was promoted, the 
polymerization of the non-polymerization oligomer in material for optical recording and a monomer was 
completed, the refractive-index difference increased upwards by this heat-treatment, and it is fixed and a 
solvent is evaporated, as mentioned above, the diffraction efficiency of record light increases further, and 
the endurance of a recording film, i.e., thermal resistance, its moisture resistance, etc. improve. The above- 
mentioned heating conditions are usually 1 minute - 4 hours at 60-200 degrees C. 
[0052] 

[Effect of the Invention] If the record approach of this invention is applied to the constituent for hologram 
record by this invention, the complicated wet process after interference exposure is not needed, but the 
volume phase mold hologram which shows the optical property which was [ permeability / high diffraction 
efficiency, high resolution, / high ] excellent in low thickness with simple dry-type after treatment and the 
outstanding lightfastness, thermal resistance, a resistance to environment, etc. can be obtained. In case 
especially the constituent for optical recording and its record approach of this invention record the volume 
phase mold hologram of the reflective mold with which the application attracts attention in recent years, 
they are useful. 

[0053] Furthermore, since a refractive-index modulation can be enlarged according to this invention, the 
extensive bandwidth of high diffraction efficiency and playback wavelength is realizable for coincidence. 
And if it expands by using an organic solvent for the interlayer spacing of an interference fringe, and 
making record film swell after record and is made ununiformity structure, since the formation of long 
wavelength of playback wavelength and band width expansion of playback wavelength are possible, it is 
useful also as an aperture for construction and cars as heat ray reflective film. 
[0054] 

[Example] Hereafter, although the example of this invention is given and explained, this invention is not 
limited to these examples. 

[0055] In addition, a transparency mold and reflective mold Jolo Fulham (diffraction grating) were produced 
using the exposure optical system it is indicated to drawing 1 and drawing 2 that can grasp the potential of 
an ingredient simple in the example shown below. 

[0056] Drawing 1 shows the optical system which records a transparency mold hologram (diffraction 
grating). Ar ion laser 1 — comprehensive output; - they are 4W and wavelength;514.5nm. For a spatial filter 
and 4, as for beam-splitter, 6, and 6\ a collimator lens and 5 are [ 2 / a shutter and 3 / a mirror and 7 ] record 
ingredients. In this case, the spatial frequency (fringe spacing) of the interference fringe generated changes 
with the incident angles theta of the flux of light over the record material 7. 

[0057] Moreover, drawing 2 shows the optical system which records a reflective mold hologram (diffraction 
grating). In this case, a mirror 9 is installed in the flesh side of 7 of a hologram record ingredient, and the 
interference fringe formed of the parallel flux of light acquired with the collimator lens 4 and the reflected 
light reflected by the mirror is recorded. At this time, refractive-index adjustment liquid (xylene) 8 was used 
between substrate glass and the mirror installed in a flesh side. 

Explanation of the compound shown below> TEOS : Tetra-ethoxy silane PDMS : Poly dimethylsiloxane 
THF : Tetrahydrofuran i-PA : Isopropyl alcohol HC1 : 12-N hydrochloric-acid Ti(PO)4: - titanic-acid 
isopropyl M5700:2-hydroxy-3-phenoxypropylacrylate TMPTA: - trimethylolpropane triacrylate TMPTA- 
E06:TMPTA ethyleneoxide 6 unit addition product BPhA : TORIBUROMO phenyl acrylate POA : 
Phenoxy ethyl acrylate BTTB : 3, 3\ 4, 4'-tetrapod - (tert-butyl peroxide carbonyl) Benzophenone (the 
Nippon Oil & Fats make, 50% of purity) 
KCD : 3 and 3'-carbonyl screw (7-diethylamino coumarin) 

(Made in a Japanese sensitizing dye lab) an example 1 - the organometallic compound solution was first 
prepared on condition that the following. 

<A solution 1> TEOS: 45gPDMS(s): 5gTHF(s) 10 cci-PA 15 cc — 

- <A solution 2> i-PA 20ccH 

(s)20 7.8ccHC13.6cc After preparing and stirring a solution 1 and a 

solution 2 separately, stirring the solution 2 which is the catalyst of a sol gel reaction (hydrolysis, 
polycondensation) in a solution 1, it was dropped and, in addition, the uniform solution was obtained. Then, 
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this solution was ****(ed) for 30 minutes at 80 degrees C, and the uniform organometallic compound 
solution (start solution) was obtained. 

[0058] next, the photopolymerization initiator of the following presentations and the solution 3 of the 
photopolymerization monomer constituent containing coloring matter — the above-mentioned start solution - 
- receiving — a weight ratio — 20 — it introduced 25 or 33% of the weight, and three kinds of hologram 
record constituents of a uniform solution condition were obtained after stirring mixing. In addition, after 
dissolving in the methylene chloride and the methanol, BTTB and keto coumarin system coloring matter 
were beforehand introduced into the photopolymerization monomer, and had become a uniform monomer 
solution. 



0.25gBTTB(s) 1 .00g keto coumarin system coloring matter 0.05g methylene chloride / methanol (= 95/5 % 



coated with the bottom of the lamp for dark rooms on the 300x150x2mm glass substrate after mixing, three 
kinds of constituents finally obtained were put for about 10 hours, the solvent (a methylene chloride and 
methanol) was fully volatilized, and the sensitization layer whose thickness is about 1 0 micrometers was 
obtained. Then, the covering film of polyethylene terephthalate with a thickness of 100 micrometers was 
made to adhere on the above-mentioned sensitization layer, it cut in magnitude of 60x60mm, and the 
sensitization material (optical recording film) which consists of a layered product of a glass substrate- 
sensitization layer-polyethylene terephthalate film was obtained. 

[0059] Next, the 514.5nm light oscillated from Ar ion laser 1 in optical system as shown in drawing 1 was 
divided into the parallel light of the 2 flux of lights by the collimator lens 4. and the beam splitter 5, and to 
the above-mentioned sensitization material (layered product of a glass substrate-sensitization layer- 
polyethylene terephthalate film), at the include angle theta, incidence was carried out and it exposed. In 
addition, the values of an include angle theta were 5 degrees, 14 degrees, and 42 degrees, respectively. 
[0060] Heat-treatment was performed for sensitization material at complete exposure and 100 degrees C 
from the distance of 3cm after interference exposure for 2 hours for about 20 minutes using the fluorescent 
lamp of 30W, the polymerization of non-polymerization oligomer and a monomer was completed, and it 
fixed. 

[0061] When the transparency mold hologram (diffraction grating) was recorded on three kinds of record 
ingredients of each using the interference fringe which has 200 and 500 or 1 300 spatial frequency/mm as 
mentioned above, in any case, it was recorded good, inside — a monomer constituent — 25wt(s)% — by the 
introduced system, the bright diffracted light was observed especially. In addition, presentation [ which ] is 
30-50 mJ/cm2, and, as for exposure sensibility, showed high sensibility. 

[0062] When carrying out incidence of the laser beam to this transparency mold hologram, in the case of the 
transparency mold hologram which has 1 000 spatial frequency/mm the diffracted light is observed as 
theoretical and especially the Bragg diffraction is shown clearly for each hologram, the bright primary 
diffracted light was observed. The diffraction efficiency at this time was about 35% about the system which 
introduced the 25wt% monomer. 

[0063] the photopolymerization monomer constituent and solution 4 which contain the photopolymerization 
initiator of the following presentations, and coloring matter to the start solution which consists of an 
organometallic compound solution shown in example 2 example 1 — the above-mentioned start solution — 
receiving — a weight ratio - 20, 25, and 33wt% - it introduced and three kinds of hologram record 
constituents of a uniform solution condition were obtained after stirring mixing. 

<A solution 4> M5700 4.75gTMPTA(s) 0.25gBTTB(s) (the Nippon 

Oil & Fats make, 50% of purity) 1 .00g keto coumarin system coloring matter 0.05g methylene chloride / 

methanol = 95/5wt% 2.00g The constituent finally obtained is 

produced as a sensitive film of about 8-micrometer thickness like an example 1 . When the transparency 
mold hologram (diffraction grating) which has 200 and 500 or 1000 spatial frequency/mm was recorded into 
three kinds of record ingredients at each, in any case, it was recorded good like the case of an example 1 . 
[0064] When carrying out incidence of the laser beam to this transparency mold hologram, the diffracted 
light with each hologram bright as theoretical was observed, and the primary diffracted light also with mm 
very bright in 1000 [ /] especially the Bragg diffraction is shown clearly in the case of a transparency mold 
hologram was observed. 

[0065] Although the brightness of the diffracted light was one or more examples, since the refractive-index 
modulation with it was obtained, this is considered. [ the higher therefore refractive index of the used 
photopolymerization monomer and ] [ bigger ] In addition, even if it heat-treated the transmission grating 
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obtained by this example at 300 degrees C for 2 hours, the function of a diffraction grating was not lost but 
showed high thermal resistance. As an example of a comparison, although the hologram of a total organic 
presentation was also processed to coincidence, the function of a diffraction grating had disappeared 
completely [ here ]. 

[0066] By this example, record of a reflective mold hologram was tried using the recording film obtained in 
the example 3 example 2. The exposure approach is as being shown in drawing 2 . That is, the mirror 9 was 
installed in the flesh side of the above-mentioned sensitization material (layered product of a glass substrate- 
sensitization layer-polyethylene terephthalate film) through refractive-index adjustment liquid (xylene) 8, 
and the interference fringe formed of the parallel flux of light acquired with the collimator lens 4 and the 
reflected light reflected by the mirror was recorded. 

[0067] After the above-mentioned interference exposure, although complete exposure and heat-treatment 
were performed, diffraction efficiency increased for every process and a maximum of 43% of value was 
acquired after 200-degree-C heat-treatment. This result is shown in the following tables. In addition, the 
exposure sensibility required at this time was also 30-50 mJ/cm2 and high sensibility. 
Each process Diffraction efficiency (%) 

After interference exposure After 10.0 complete exposure 21.1 heat-treatment 100 

degreeC-2hr 25.9200 degreeC-2hr 43.0 The organometallic compound solution was 

adjusted on four or less-example conditions. 

<A solution 5> Ti(OPr) 4: 20 gi-PA 20 cc<solution 6> i-PA 40ccH(s) 

20 0.5ccHCl(s) Two cc After stirring a solution 5 and a solution 6 

separately, stirring the solution 6 which is the catalyst of a sol gel reaction (hydrolysis, polycondensation) in 
a solution 5, it was dropped and, in addition, the uniform solution was obtained. Since the alkoxide of 
titanium tended [ very ] to have received hydrolysis, the start solution was obtained without ****(ing) in this 
case. 

[0068] The photopolymerization monomer constituent containing the photopolymerization initiator of the 
following presentations and coloring matter was introduced into this start solution 1/2 by the weight ratio to 
the start solution. The uniform solution which dissolved completely was obtained after stirring mixing. In 
addition, after dissolving in the methylene chloride and the methanol, BTTB and keto coumarin system 
coloring matter were beforehand introduced into the photopolymerization monomer, and had become a 
uniform monomer solution. 

M5700 3gBTTB(s) (Nippon Oil & Fats) 0.4g keto coumarin system 

coloring matter 0.01 g methylene chloride 1 .5g methanol 0.5g The 

constituent finally obtained was exposed by the same approach as an example 1, and the transmission 
grating was produced. In this case, in the case of 1000 spatial frequency/mm, it is after complete exposure, 
about 35% of diffraction efficiency was acquired, and about 40% of diffraction efficiency was acquired after 
the heat-treatment which is 100 more degrees C and 1 hour. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Translation done.] 
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*y- 3 - 7iy*->yn t!;i/7^'J I/- h. a>-tK 

p+-> / \+t/-f;i't+v'i?;i'7i? u u- h. Ti"J 
n-f Jl^^x^-y-^-iy*— K 7*'Jn<;i/t+i 

20 5"JU-y-^->^-h. Ti^U □ -OW^vX^k^U— 

U^a^ir^'JIz-h. 7iy + ->if;i'7i' 
UU-h. h'J^D^r^xy+vX^^T^'Jl/— h. 

K 2, 2-t*x (4-y^^un^->xh^->-3. 

U— K 2 -If;^yA7^'JU-K 7^UJP7 
^'J|y— K 2, 2. 3, 3-fN7 7;l'tn7"Dtf;l' 
7* U U— hm<DmW&7y U L — hMtf (dtie.© 
30 m^ttT^'J U—htC^-T^y^^'J U~hl^ ; 
l, 6 -^y-Zszsjr—iWTy 'J K 7?>i/lr 
-^y7i"Jl/-h. EOffJfh^^PtfX?!; 
-;UA-^T^U 1/— ^>^X'JX'JI — ->UMJ7:y 

t77x/-My7i"JI/-f-, Wttg7^'JU 

U U— ; 7.^1y>. p-?ODXfl/>, S>lf 
x;u^>-e>. t'x^y-fe^— h. 7"^ U dx MJ ;k 
N-k*x;utfn"j K>. t*x;i/^-7^l^>. N-t'x;u 
40 *})VrtV-)Vm<D\f.-Mt-£<& ; *5ct^>'X5 L U>i/U 

u— h. •J5 ; >^>^x'jy;u I — y7'j;i/ 

h. y7'JJKV7^ U— hl?CDT U Mt-&<&) 

[0018] *%^-c^ffl$n*3ta-&tt^-'j^-© 

iSU*-J^U7y U U— h. ^tt#U^-MU7^ 
50 'Jly-h. -f V->7 5?;US!#tScD^'JTi7'J ly-h-^ti* 



(4) 



<D£Smtii*>) 372 'J V- Y^>Z.n<b<D7? 'J U- h 

[0 0 19] #'J^U^>Ti7'J U— h^-iJ=f^-<hU 
Tte^'J-f V->7*-h<h2 - t Kd^->7JU*JU U 
*) 7$ 'J U— h<h7p'J^--;KDMJ!jnS^(rJ;oT^ 

Lt«h^x> y 5/7*- h . -f V * a >y-f y -> 

K '\*1i-*^U>>H' V->7*— h& 5tt 10 

jk ^'J7 p ntfu>^'jn-;u, #'J ^ h =7*=f-\sZsV 
ij n— ;i/7ii*©#ux— T-;u#y *— ;u. ^uxx-t-ju 
#'J*-;i^#'J#-**-h*'J;*---;k 'J ->a=*- 
+)• U jHf t> n-s . 
[0020] ^^fSfflsns. ja*»»43«k^sag 

vK. :/o#*->K. 7 h*-> h* 

fttfflV^ns. ^CDCT<hLT7h^Xh*->->7>. 

T^h^y h + ->->^>, T^h^y H + ->->5>^ci:C0# 

*-y-f Pftio**^^^* ; swan^A* h* 

-> K. yfar^A^h+y Kfr£*©*«8i?;U:3 

; 7;U5X^AXh*->h\ 7;U5X^A^h* 
-> K^C<i:(D#«7;U = r:r>A{b^^<i:75^tf 30 
ifcS>y?\;i/->n*-y->. 75;->7>RI/y7/-;i' 

* m co * u ^ y -> n * -y- > & t* <z> mm iz m m sb z m 

*-5t^itfx;u->7>. 72 'JJk>7>> 
X5l?^->->5>^i:co<i;^tcfficoW« ; Eyv- < i:S^pI 

[0 0 2 1 ] ft*5> ±BE&K7JI'=i=f-i'K£Jlfl.Kt>&JII 

mem* ** : sm<Mt3.E<»&m 

[0 0 2 2] ±ia*&&gfc^te&&4 J -efln*#fl?L 

[0023] *fc*R9ronv»sn«. JD*»»*«k^ 

&mB-?^%m«$£LT\t, y-;k x*y— ;k 
ya/iy-jk y^y-;u^c<!:co7;p3-;u^^ftfcH : 50 
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$Lt,> 0 SfcireHMKtLTtt. Jftft. §fi. 5B 

s?^<h*cos?*3 it/7 >^e- 7 ts. z<r>m.mt)mm sns. 
[0 0 2 4] wa!co7 , ett^tt ; €:yv-sfc«^- | j=fv- 

TtM^tt^E y 'J =f T- <h#^JS{t-&#lco 

;u*o. o 3«±com^-a-^a^«<*:is^ffls*Dy5 

T, #Jxtf«l*-;/ h"7— ^jW£JS&t?J©S i 02^<E> 

CD^y •£>„ — bsjsSt^cot i o2^<=> 

M^ntunn Tts^tt^y^-iUTaffl^Wfc 
IgS^cotyv-Srffiffl-r^ctdWSTfes. 

->- 3 -7iy*->^Dtr;UTi7 ij h (m-&L«:^ 
CDtf'J v-COffi*f*= 1. 5 5 5) trf7lh + ->-> 

nfeffl»fm=l. 46), h 'J y-^P — JU'7*o/'?> h 'J 
7i"JI/-h (®»t^=1. 5 19) i5 L ^>7'a#4 i 
->K (®5t^=2. 4 0) fti'Ai^ffens. 

[0025] MidiCDTta^tt^yv-sfctt^-'jzfv- 
^Ttc^-r^^^*tfe»n^>. 2. 3-^ju 

j->i?J-> (A>77-+;» 2, 2, 5. 5, -7- 
h7^^fh7t Kn-3. 4-77>8 (-fS^V 

#1, 3, 3' , 4, 4' -rh5- (t-^JU/t— * 
+ ->7th7x;>, 2-t Ka*->- 2 -y^JU^a 

tf^-7iy>. l-t h'a+->->^p/\*->;i'7iXji/ 
- t -y^;u/i-*^-y-f \*ts.Eoy&mt®. 7*))W 

7V—V 2»mtLE<D7 N-7ix;Wi/iJ >> 

2. 4-v'X5 L ;U5 1 ^-*tl:>h>^i*co*-y->-r>S. 
v»7UJU3- Kx^Affi. h'J7'j;U7.;i'*:x^AiS, 

h'J7xx;U7ju^;u«^KSI. &71/>M. fx< 
*'J/ND>7-*>-(b-&#I, 7xzM';t+ 
it'/DX ^>V-f >X5 L JUX— 5^JU. /os^jus^y^ 
;py^-;u^i* (fi^«*-&tr) A^tfe»n^>. m<c« 
Sb^JiLT, 75 JUBI, p-h^x>x;i/ 

[0 0 2 6] *3B«©3tE»ffl«aj««tt3Eia»-C*tob 
T. 
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9 

8 oa*x£t±Tf4iiBt»iii»f3a***#6nii<tt*. n 

*lc±K#«fc«{t^toa*5«*X*ill*fc«9 OSS l( 

[0 0 2 7] ccftjsftftfa^RcisuT-tn-tnjtiiaE 
Sd£o. o i~ i oas%> pjmm&o. oi~ioa 

[0 0 2 8] ^ffl-r^Tts^tt^y^-sfeta^-urfv 

^HIBT**#«&«fl:^*) 0*«T**t*C 2- 
t h'D + y- 3 -7x7 *->^*->;U7"^ U U— h (B 

[0 0 2 9] Jn?K»H¥*JJ:^»^ElSBIIiBtt** 

&JSfl:£#j, ^tfv- u xi >mt^mt: Lty/f;w> 
n+-y->. 75/->7>. Rtf->5/ — JU*i||03l?U^ 

h^->->7>. r - ^;k>^D+ vt'd t:^h ij i 

ft, ±BEJO*»i!P*J:^aiB^*<BIffi"C**#**J)|{b 

[0 0 3 0] *5BW©3tE»fflffll«*»CBlfflffltJSftir 40 

ty^- (Sfcfi* UxfV-) fCPlM14S:^#T-5fese) 
0. ~BlMffl<D&\£LT. h'JX^U^Uzi 

— K h l Jx5 1 U>yUn-JU^yotf^— K i/'J 

^/I-h, ylf^Jy^-h, -^X^Hr/N'-y-— 
h . h 'J * 77z-hft £* ft3§tf -5 d <hA<T-# 

[0 0 3 1 ] BK. *«9i©3teie»fl!iafifttt»ce*05«fc 50 
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i o~8 oas%. 

0. 0 5-3 011%. 
5-9 011%, 
5-9 0ii%, 

5-9 oaa%. 

0. 0 5 — 3 011% 

'J^>*u>v. f*7 7f>. ^hi7^r'j>. xux 

o -> > C , X^-->>Y, /□•>7X>, 75'Dy7X 
[0 0 3 2] *»W©3fcffi*fl!«J**C#L. ± 

[0 0 3 3] i*:fC*%^©J^S»CX5UTai^-5„ 

[0 0 3 4] mm. *. *J:tf«Mrc**»$fcttiftS 

firLfcTta^tt^y^-sfcfa^-'jxfT-SrjjDA, * 

>d^a#lfflltt#:A«»6tl*. CCDS® 

& PtlH jg-r -5 fx -x> n . *-«^M{t;^#i<7)»n7K» 

fttkayt&mm y.<< )vi± mvtm * { f#6n^. z\<dm 
mz&^T, mm*v y-v—tuzm^zmmLtzXT 

^yjimz&^Tmismzi-rzKztt^y vv-ww. 
mtmm&Hz&tkLta^. m^mzit^»±mzt>tz 

T-SAcfi^U rT^-^^LTl/^C tlC^c-5 0 CI© 

ttSs© 7 Ki$-ft7t ft f»Sfc] u x?ta^ ttt / v 

U xf x'-$:a^$-frAc7 ^ACOtkSffia^ 

^c. Ti&a^tt^y^-sfctt^-'jxf^-^y v- 

«««kUT«JfeUfc*«. r©^li4 2 0mVgTS 

■otz<Dx\ *mmz&x)ft£>t\tz$km*--j hv-zon 
Wft\z*j)v7)VKfo*\zmm.zniz-#7\tJiii}i-t'<xyt 
msii^ y-7 - s it \t * 'j xf v - tit ^ nx t, c: i 

[0 0 3 5] ^igtc*JtiTfi. ±te#ZS:i/t 
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-r#««#©«*a*iSft*-$'-«k o < 6fr<^ «fc 

[0 0 3 6] Ki££nfc^$J<D7fc65liffl-7^;UA*-C 

an*. r«:t)-&^5fiflE*»i»ir»««-p«&*»*&*»)-tn io 
l;Mifctt->7 ht5iii40. «k»WCtt3t»« 

**»t»«»-C*-B. Jtm^tt^/V- (*fctt*U=fV 
-) tfm^Ufcjff'jT-'J -tntttififcft 

tii^'yh7-^(51SffNm (ffiKffMftJKfc^tt 

[0 0 3 7] *»W»C*»t*3ttfflE*»ftf4, fi6*©i£ 
17* hTp'J^— ^-f ^fcCKJt^T^fcSB^Scfc-S 30 

[0038] fs-KjiJBST^jewo*****^ sn^o 

tf. ^3=7<t£SrfiJfflUT**aEfl:Ufc 
2. 2~2. 4 i^o/t^^Kiii^JS&T^fcft 
en-SODT. Elc*#fcJB8T**fc#T-53fcE»*tttfc 
»6ns. «Ilft. mizmmmi. 4 6©'>U*4:WJB#r 
^yy- fcSlfr&H. 40 

[0039] s§— »ctt«**»K:»&n«*3B0i©3teE» 

ffl«**jfctt*E*§ltt##fc5 * Dd:*aiMSWRdfMR 
igfr£fi£oT^-5©T\ fiJ?'JT-i"f it 
*LT*Hi«tt. MIRtttt. «*fi»ttftfi»«»5n 

[0 0 4 0] *IRKJttlB**-rsiRk:tt. tftW&MHI* 
±Kl*-tt*tt.- $»©«Sffft LT. 
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[0041] *«9iic*i^TttiWi*fl!>J:3»c, swe^e 

[0 0 4 2] *%^(C*3^T. h>7— ^ SrflEffl 

■C#*t^5Sft*S#-r*. HP'S. *569i©3ifcE*fl!& 

TttSififfl©E»i:lt«LT#SKM^T»«©E» 
©ffl*H^*iRSfc^LTS:*tcESSnT^fj:ttntf, 

[0 0 4 3] *»Wfc*^Ttt, *«atflWt^4&*tta» 
hiU'JT- t^m^5jta^7A«W«) z F^E& 

[0 0 44] ^n^^AEttK+fcttftseKSPttE* 4 * 

u— tf - sift u 6 n s 7tE»^ <d mm fc o 
■eo*aia«-* c £ o ca^ a*h*6 smsLt 

i£jg-Cfe-5. fc«U K»^0?IBJWS3tE«fflaJS6« 
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[0 0 4 5] 'A\z*.f£w<Dytftmmm.f$.vi&m^Tyt$: 
vjwjumxi&m. *. mm. m. 

-f y^p/ty— mux>, > f ^-++i->. ^op*.)!/ 

A, f/^ppy y^U>^P^'fK. -rh^fch' 

n7?>^<D{&<Dm®i ( -in <=>©?§£•#) £^ to 

©XfiEfr 1 0 0 SSHB (JSJWSrlSSK) KttLT. 10- 
1 0 0 0llg6Tfe5. 

[0046] ±E©«fc3fc«iSJtT<fi©*R9§ 

«. WHIT? w JUAfc £©¥»fc*Bi±K«* ©8fe##fe 
t47.tf>p-K y7o — K (#- 

[0 0 4 7] -tost. S[»*fcttln»ttl8, «If»ft 
* ttftS £tt * U T - S tt * / T - *#T 

* £ * Kteffl l it mm & ± e«%*m o&ie>i<»6i 
hiahh. earn o a *nfcH#tt©3teE«M! 

ftE&ffl 7 -f ^AigC&JgSeJP^teaS 1 ~ 5 0 u mt 

s-s. ^©ig. ^enfc3tESffl7w;uA©^®±tr. 

«J!g7-<;UAi>5:tt^7^«*jSS?ic^SrfflV>T*A 
[0 0 4 8] &»C±E©#A— Snfc3fcK»/H:7*r.>UA 

auts-a-*. u©ig (sbixs) «. -ftWKttPiT 

ST* U— !f3fc&, k'-AXyj'^-, t'-AI+^ 

ng>— u>X3?£ffl<^T. 2o©¥fr 
£#Bgft£UT3fcffi&*mKAS*£-&*. ftfi;£©7fcmtt 
£*6<DR»3te£fc#3fc<fcLT#E»»ttK:AWSn 
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*«*«*a^7AE»#»tlE»an*©T?**. jut, 

ffilCfc-aTRfc***, ISO. 1 S>~ 3 0 fl-Tf* 0 . £ 
8ftfi#0. 1~1 0 0 0mJ/cm 2 »Ctt5J;plc87t$n 

10 [0 0 4 9] *»WC*IJT. ±E*n^7AE»fflia 

icStii-r^^ 1 ©XS/t*ttT*rn ^5 ASrE^-f -5 d £ 

ttjtfflEWWS+ca^-rasfea^ojta^tt^-u^ 

ttffl&Cte*tt£03£Jf 2 ©Xf§£31 

[0 0 5 0] n©X8te. TMXttoKEMflAtt 

(1) SC©aiaiC^6W6*^±'3CE»*n3r5A<0 
@»fS&^7&ilS*:-r-5©TjfF*Lt». JEC JS2WISK: 

t>T€f, CftKJtDEft^-rJkAWB^ttHI*. WS* 

£«3fc«*<a*»l 0~1 0 0 0 0iJ/c« a K:fc4J:3fc: 
30 fT&frtl-S. 

[0 0 5 1] Sfc. ^2©IgiLT, ±E©i^— 

**7t»©>tE*ffliHj«*BtK»U6 0* C£A±©Ji0» 

(Sit$tiT7 , 6EiS^4 J ©*ll-&^Ua'^-. ^yv- 

40 0~2 0 0 < C-Cl»~4^rBlT-^-5. 
[0 0 5 2] 

[5!BJ©5«6m] *5BM»c«t«*n^5AE*ffl8U«»jK: 

»j«T*ia#f3»*. vwaa*>i if ©«n>t 

*5BW©3tE»ffl«L««iacX-tOEa*ffif4ifi*-€-©« 
50 ST«Bl:tffl7*5. 
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[0053] E^*%BjiCctn«. mtiTm&mzxz < 

[0 0 5 4] 

[0 0 5 5] ft, WTK^TIISSWc&^Tlitm©* 
^> i/yA&ffiWziGM-rz Z\ Lrf&teZ J: 5 \zm 1 s 

7 5 A ([Hl#f&T) £fE§!Lfc. i 



16 



10 



■ [0 0 5 6] mi\*W&M*a?7& (lsISTt&^) £12 
«^ffi^J ; 4W, ; 5 1 4. 5 nmt$5. 2te 

•>t^- 3«x^-f ->^jU7^;u^— . 4ti=i'j* 

— ^— U>X. 5 tefcf— A7.XU y:? — . 6. 6' 

[0 0 5 7] £fc. 0 2{iKI+^x^D^7A ([Hltfrte 

5Af2llWftCD7CD»c::£7--9£^:MU n<J*-^ 
- 1/ > X 4 \Z <fc 0 f# e n ¥ ff it* £ 3. ? - \Z J; 0 J&t W 



TEOS 
PDMS 
THF 
i — P A 
HC 1 



1 2Nifig 



Ti (PO) 
M5 7 0 0 
TMPTA 
TMPTA-E06 : 
B P h A 
POA 
BTTB 
) 

KCD 



£Tm®iz&m&m<t'£yim®.&&>T<D3kft-cwimis 
i> 



4 5 g 
5 g 
1 0 c c 
1 5 c c 



4 : 3^>gE-f yyo^ 

2 - t h'Q*y - 3 -7x; + ->^Q tf;UT^ U U— h 

3, 3' . 4, 4' -5^h5- ( t -Zf^JW^— ttz/fifrtf— ;U 

^W7i/> (B*ttai©. MS 5 0%) 
3, 3' -^UtfXJUfciT. (7-yXf^757?-7iJ» 

1 3. 



6 c c 



TEOS : 
PDMS : 
THF 
i -P A 



40 



<m&2> 



i -PA 
H20 



2 0 
7. 



c c 
8 c c 



[0 0 5 8] #fCWT<Difij£cDft«^K)&&J. fe^S:^ 
Tfi*it-C2 0, 2 5. 3 3li%iAU, ttftrl^fg 
fc. fc43, BTTB, ^h^VU>?Sfe*iiM{t^^U- 



<i§f£3> 



TMPTA- 

TMPTA 

BTTB 



EO 6 



4. 
0. 
1 . 



7 5 g 
2 5 g 
0 0 g 
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mtt^vy/*? (=95/5*3%) 



<tf If 2 9 5 3 2 0 0 



18 

0. 0 5 g 
2. 0 0 g 



3 0 0 X 1 5 0 X 2wL<Dij7Xmfo±.iZT7iJ 

^-sfflw-f^yL. mi ommtmLx 

£-tt. m*WV3 1 0 um©!gftjf ^©&. JP* 

10 0 jim^ijl^l/^l/??^ h©;*JA*— 
JUASriElS^HWilCftSffS-B-. 6 0X6 0mm©;*:£ 10 

[0 0 5 9] uc^-r«t ^^^^fc43^TT;u 

^•>^^->U— tF— l*^ggUfc5 1 4. 5nm©I 

tt. -€-n-&h.5* , 14' . 4 2* T'ftifc. 20 

[0 0 6 0 ] T8W3fc©«. «3fc*f£3 0W©SBT* 
ffl^T3 cm©S§gi^6£-J2 0 ^-^ffiSi^S:^ 1 OOt 

[0 0 6 1] Et±O<t5CL«T2 0 0, 5 0 0, 1 3 0 
*D^5> A (ElSrlfr^) S:3@^(Die^«^&^{C|2^ 

i3»f3t^s^snfc. ft, S7t®stt^Tn©m^*{c 30 

3 0-5 0mJ/cm 2 T*t), Kt^SSr^Lfe. 
[0 0 6 2] ^©3iiM*n^5A(CU— if— k*-A£ 
A#t^-t±fe<hCl^., ^©^n^AiifcSf&iiOfciHj 

*f3t*««*$n. wcy^y^tgsrsgnafcjs-r 1 0 0 

0. */mm©^r^il S^TT -5 iSaiM* D if =y A ©i§ 

^t:tt«*t»i*ig*f3tt*»K!Kanfc. d©«f©s»r3a 

*tt, 2 5w t %^/V-£gAL/tmfCOt^Tte;f$3 
5 

[0 0 6 3] HJgfiSJ 2 

1 fcjKT*«&Kfl:£tt»ttj&»&fc*ttiR*ttfc 40 

2 0. 2 5, 3 3w t %i§AU t*#fi£»l;:i%-fc* 

tt«ffi©*n^5AE»fij«**3ara»fc. 

<*§f£4> 



M5700 4. 7 5 g 

TMPTA 0. 2 5 g 

BTTB(B*»IB».«ai50X) 1. OOg 

irhi7^V>%&m 0. 0 5g 50 



mtmwM )-b=<ftttv\.% 2. oog 



um<Dmm<Dm^t7 J^AtLTf^&L. 2 0 0, 5 0 
0. 10 0 O^/mmW^HJl&gcSrW-r-SiSiSM^n 
(BffOT) S3««©E**m«t>K:**«;:Eai 

[0 0 6 4] d©SifiM^o^5A{rU— tf— tf— AS' 
A»^*fet^5. ^©^□^AchfcSlSilDt;:^ 

4v^#f7t^ss?sn. mz-f^vifisitiT&w&iz^-r 

1 0 0 0#/mm&aiSK3fcny7A©«'&KH##lw 
[0 0 6 5] B*f*©W**l*«S«l«±T*-3fc 

n*. m. **««-c»6tifcaiftffl@#r» ; ?*3 o o 
[0066] mmm 3 

Hi£^i2-ef#'E>n7 i iE^7-f;i'ASffl^^T. &&mwv 

bps. ±E©«3t*t (*7xsm 
u x^ 1 v >t v -? ^ v— v v -< jv2*<r>mmm 
(DMizmmmmmm (*->u» 8^lt$5-9^ 

[0 0 6 7] iETStSJta. ±ffi«3t. SD#*ffiSSfT 
ofcrt*. [Hl&T5a^tt#XSSlCliJDL, 2 0 0tM 
S&Kg* 4 3 % ffll*Jf 6 nfc, d ©^^SJ^T©S 
CST. ft*5, C©«P»CSUfc«3fc««t>3 0-5 0m 









10.0 




2 1. 1 






100" C-2hr 


2 5. 9 


200* C-2hr 


4 3. 0 



H»M4 
<fg&5> 
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T i (O P r ) 4 : 


2 0 g 


i -PA 


2 0 c c 


<mme> 




i -PA 


4 0 c c 


H20 


0. 5 c c 


HC 1 


2 c c 



[0 0 6 8] ^(DttS^fgtC^Tcoa^OTTtll^-BBte 

Tsstb-e 1/2 mxvtz. m#m&&\zitt±izmm 

oTWc. 20 



M5 7 0 0 
BTTB (B#i*JJ§) 



3 g 
0. 4 g 
0 . 0 l_g_ 



20 



i. 
o. 



5 g 
5 g 



1 0 0 0*/mmm«&l;, ±mn9tmx-m3 5%<D® 
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